Abstract: Thermolysis of dimethyl 2-[(3-oxo-3H-isoindol-1-yl)oxy]malonate (8) promotes a [1,4]-H shift in the imidic N¼C O CH fragment of the starting molecule, which leads to a reactive carbonyl ylide. This carbonyl ylide can be trapped by the C¼N bond of imidates and imines, as well as the C¼O bond of benzaldehyde. The corresponding cycloadducts 11, 14, and 16 are formed regioselectively in good yields (60 -95%) and with high stereoselectivity. In the case of 11, the minor cycloadduct in solution undergoes an isomerization to give the more stable stereoisomer. The structures of two cycloadducts, i.e., 11a and 14a, have been established by X-ray crystallography. and 15 are formed regioselectively in good yields (60-95%) and with high stereoselectivity.
and 15 are formed regioselectively in good yields (60-95%) and with high stereoselectivity.
In the case of 11, the minor cycloadduct in solution undergoes an isomerization to give the more stable stereoisomer. The structures of two cycloadducts, i.e., 11a and 14a, have been established by X-ray crystallography.
1. Introduction. -Carbonyl ylides are highly reactive intermediates of increasing interest, which are frequently applied for the purposes of organic chemistry [1] [2], particularly in natural product synthesis [3] . Several methods [4] [5] [6] [7] [8] for the generation of these reactive species from different classes of compounds enable the introduction of a wide variety of functionalities into the structure of the final product. In combination with high efficiency and selectivity of the reactions, this often makes carbonyl ylides the key intermediates in the design of synthetic strategies [3] . The known scope and limitations, together with the evident usefulness of the chemistry of carbonyl ylides in organic synthesis, make further investigations in this area desirable. We would like to report here a recently discovered new method for the generation of carbonyl ylides. from α-iodomethyl trialkylsilyl ethers 5 [7] , thermal decomposition of organomercury compounds 6 in the presence of carbonyl compounds [8] , and decomposition of α-diazocarbonyl compounds 7, mostly with Rh or Cu complexes, in the presence of compounds which contain a C=O group in their structure [3] (Scheme 1). The latter method greatly advanced the application of carbonyl ylides to the synthesis of complex natural products.
Scheme 1. Methods for the Generation of Carbonyl Ylides
An additional possibility for the generation of carbonyl ylides from imidates was observed accidentally. In connection with some recent work from our laboratory [9] , we 4 investigated the possibility of a thermal isomerization of imidates into their N-alkyl derivatives [10] in the series of recently synthesized products. In particular, attempts were made to carry out this isomerization in the case of phthalimide O-alkylimidate 8.
2. Results and Discussion. -The fused imidate 8 was synthesized by using Rhcatalyzed decomposition of dimethyl diazomalonate (9) in the presence of phthalimide (10) [9c] (Scheme 2).
Scheme 2. Synthesis of the Object of Investigation
The thermolysis of 8 was investigated at 115-125°, and the progress of the reaction was followed by using TLC. Complete transformation of the starting material was observed after 1 h at 120°. Heating of 8 above its melting point (113-115°) gives rise to the formation of a 3:1 mixture of two diastereoisomers as racemates. Their structures correspond with the pentacyclic 1,3-oxazolidines 11a and 11b, which are dimers of 8 (Scheme 3). The corresponding N-alkylated phthalimide, i.e., dimethyl 2-(phthalimid-2-yl)malonate, could not be detected in the mixture.
Scheme 3. Thermal Dimerization of 8
The structure of the major dimer 11a was established unambiguously by an X-ray crystal-structure determination ( Fig. 1) , whereas that of the minor isomer 11b was elucidated by comparison of the spectroscopic data of the two products. The second attractive aspect of the formation of 11 is the fact that this is actually the first example of intermolecular [1, 3] -dipolar cycloadditions in the series of imidic carbonyl ylides. As was established previously, carbonyl ylides, which were generated from sulfonimides or imides and Rh(II)-ketocarbenoids, do not give cycloadducts, in contrast to reactions with intramolecular counterparts [9a].
1 ) The formation of 1,3-dipoles via an H-shift, i.e., the thermal generation of azomethine ylides from imines via 1,2-prototropy, has been extensively studied by Grigg and coworkers [13] . 7 An interesting transformation was observed while NMR data for the minor isomer 11b
were collected. Due to its low solubility in CDCl 3 , 13 C-NMR spectra were measured in (D 6 )DMSO. While doing so, 11b isomerizes to give the more stable isomer 11a within 5-7 h at room temperature (Scheme 5). Most likely, the reaction mechanism involves an intramolecular H-transfer in 11b from the CONH group to the neighboring C=O group with simultaneous opening of the 1,3-oxazolidine ring, i.e., a retro-ene type reaction. During this transformation to 12, the former spiro C-atom looses its chirality. In the intermediate 12, the isoindolinone fragments are able to rotate about the C-O bonds between them and can occupy an arrangement preferable for the ring closure to give the more stable isomer 11a.
Scheme 5. Isomerization of 11b into 11a
In further studies, C=N bonds of imines were tested as possible dipolarophiles [17] .
Heating a mixture of the imidate 8 and benzylidenemethylamine (benzaldimine, 13) for 6 h at 120° resulted in the formation of a ca. 1:5 mixture of two racemic diastereoisomers of the spirocyclic 1,3-oxazolidines 14a and 14b in 70% yield (Scheme 6). The structures of the products were elucidated on the basis of their spectroscopic data and elemental analyses, and that of the minor product 14a was unambiguously established by an X-ray crystal-structure determination (Fig. 2) .
Scheme 6. Thermal reaction of 8 with benzaldimine (13) 8 Fig. 2 . ORTEP plot [11] of the molecular structure of 14a (arbitrary numbering of the atoms; 50% probability ellipsoids).
Since the space group is centrosymmetric, the compound in the crystal is racemic. The 1,3-oxazolidine ring has an envelope conformation puckered on the Ph-substituted C (12) . The
Ph substituent is in a cis relationship with the N-atom of the isoindoline moiety. The NH atom forms an intermolecular H-bond with one of the ester C=O groups of a neighboring molecule.
The interaction links the molecules into extended chains which run parallel to the [010] direction and can be described by a graph set motif [12] of C (7).
Due to the inversion of the N-atom in the 1,3-oxazolidine ring, an equilibrium between two conformations is set up for each diastereoisomer. Signals of both conformers of 14a and 14b may be observed after 24 h at 23° in CDCl 3 solution (see experimental part).
An indirect confirmation for the proposed mechanism of the isomerization 11b → 11a, which involves a proton transfer onto the amidic C=O group (Scheme 5), is the observation that 14a and 14b are stable in (D 6 )DMSO even after 10 d at room temperature, i.e., no isomerization could be observed.
The cycloaddition of carbonyl ylide 1a with the C=O bond of aldehydes was also tested.
Heating a mixture of 8 and benzaldehyde (15) on silica gel 60-F 254 sheets (Merck) using UV-light for visualization. Silica gel 60 (0.040-0.063 mm, Merck) was used for column chromatography (CC). oxy]malonate (8) [9a]. 1',9b'-dihydro-9b'-[di(methoxycarbonyl) ]methoxy -3,5'-dioxospiro[isoindole-1,4'-(1',3')oxazolo[4',3'-a] isoindole]- 1',1'-dicarboxylate (11a) and 3,5'-dioxospiro[isoindole-1,4'-(1',3')oxazolo[4',3'-a] (1)); 93.1 (C(9b)); 98.5 (Cspiro); 119. 2, 121.9, 122.7, 126.2, 131.4, 132.2, 132.6, 133.6, 133.9, 134.0, 138.9, 141.5 (arom. C); 161. 9, 162.0, 165.0, 165.5, 165.6, 167.9 (5 C=O) .
Thermolysis of Dimethyl

Dimethyl (9b'RS,4'SR)-
3. Reaction of 8 with N-Benzylidenemethylamine (13) . Dimethyl (2'SR, 3'] oxazolidine]- 5',5'-dicarboxylate (14a) and Dimethyl (2'RS, 3'] oxazolidine]- 5',5'-dicarboxylate (14b 6, 123.8, 128.4 (4C), 128.8, 130.3, 131.6, 132.3, 133.9, 142.8 (arom. C); 166.9, 167.3, 167.5 (3 C=O 8, 124.5, 128.4 (4C), 128.7, 130.8, 131.9, 133.1, 134.5, 142.9 (arom. C); 166.8, 167.8, 169.1 (3 C=O (15) . Dimethyl (2'RS, 3' ]dioxolan]-4',4'-dicarboxylate (16a) and Dimethyl (2'RS, 3'] 83.9 (C(5')); 87.3 (C(4')); 115.7 (C-spiro); 122. 2, 124.0, 126.8 (2C), 128.9 (2C), 129.7, 131.4, 131.5, 133.2, 133.7, 143.6 (arom. C); 166.4, 167.7, 167.9 (3 C=O 14 All measurements were performed on a Nonius KappaCCD area-detector diffractometer [20] using graphite-monochromated MoK α radiation (λ 0.71073 Å) and an Oxford Cryosystems
Reaction of 8 with Benzaldehyde
Cryostream 700 cooler. The data collection and refinement parameters are given in Table, and views of the molecules are shown in Figs. 1 and 2 . Data reduction was performed with HKL Denzo and Scalepack [21] . The intensities were corrected for Lorentz and polarization effects, but not for absorption. Equivalent reflections were merged. The structures were solved by direct methods using SIR92 [22] , which revealed the positions of all non-H-atoms. The asymmetric unit of 11a contains one molecule of 11a plus one molecule of CH 2 Cl 2 . The ester moieties of the methoxydiester group are disordered. Two positions were defined for each disordered atom of this substituent and refinement of the site occupation factors led to a value of 0.597 (5) for the major conformation. Bond length and similarity restraints were applied to all chemically equivalent bond lengths and angles involving the disordered atoms, while corresponding atoms from the disordered conformations were restrained to have similar atomic displacement parameters. The non-H-atoms were refined anisotropically. The NH Hatoms of 11a and 14a were placed in the positions indicated by difference electron density maps and their positions were allowed to refine together with individual isotropic displacement parameters. All remaining H-atoms in the structures were placed in geometrically calculated positions and refined using a riding model where each H-atom was assigned a fixed isotropic displacement parameter with a value equal to 1.2 U eq of its parent C-atom (1.5 U eq for Me groups). The refinement of each structure was carried out on F 2 using full-matrix least-squares procedures, which minimized the function Σw(F o 2 -F c 2 )
2 .
Corrections for secondary extinction were applied. In 11a and 14a, five reflections, whose intensities were considered to be extreme outliers, were omitted from the final refinements.
Neutral atom scattering factors for non-H-atoms were taken from ref. [23] , and the scattering 15 factors for H-atoms were taken from ref. [24] . Anomalous dispersion effects were included in F c ; [25] the values for f ' and f " were those of ref. [26] . The values of the mass attenuation coefficients are those of [27] . All calculations were performed using the SHELXL97 [28] program.
21 (arbitrary numbering of the atoms; 50% probability ellipsoids) Fig. 2 . ORTEP plot [11] of the molecular structure of 6a (arbitrary numbering of the atoms; 50% probability ellipsoids). 
